Mice with a deletion in the gene for CCAAT/enhancer-binding protein beta have an attenuated response to cAMP and impaired carbohydrate metabolism.
Fifty percent of the mice homozygous for a deletion in the gene for CCAAT/enhancer-binding protein beta (C/EBP beta-/- mice; B phenotype) die within 1 to 2 h after birth of hypoglycemia. They do not mobilize their hepatic glycogen or induce the cytosolic form of phosphoenolpyruvate carboxykinase (PEPCK). Administration of cAMP resulted in mobilization of glycogen, induction of PEPCK mRNA, and a normal blood glucose; these mice survived beyond 2 h postpartum. Adult C/EBP beta-/- mice (A phenotype) also had difficulty in maintaining blood glucose levels during starvation. Fasting these mice for 16 or 30 h resulted in lower levels of hepatic PEPCK mRNA, blood glucose, beta-hydroxybutyrate, blood urea nitrogen, and gluconeogenesis when compared with control mice. The concentration of hepatic cAMP in these mice was 50% of controls, but injection of theophylline, together with glucagon, resulted in a normal cAMP levels. Agonists (glucagon, epinephrine, and isoproterenol) and other effectors of activation of adenylyl cyclase were the same in liver membranes isolated from C/EBP beta-/- mice and littermates. The hepatic activity of cAMP-dependent protein kinase was 80% of wild type mice. There was a 79% increase in the concentration of RI alpha and 27% increase in RII alpha in the particulate fraction of the livers of C/EBP beta-/- mice relative to wild type mice, with no change in the catalytic subunit (C alpha). Thus, a 45% increase in hepatic cAMP (relative to the wild type) would be required in C/EBP beta-/- mice to activate protein kinase A by 50%. In addition, the total activity of phosphodiesterase in the livers of C/EBP beta-/- mice, as well as the concentration of mRNA for phosphodiesterase 3A (PDE3A) and PDE3B was approximately 25% higher than in control animals, suggesting accelerated degradation of cAMP. C/EBP beta influences the regulation of carbohydrate metabolism by altering the level of hepatic cAMP and the activity of protein kinase A.